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Introduction

This Atlas oontains plates showing topeide ionograms recorded by means
of the Alouette II setellite. Apart from the general outline given below
of the phenomena which may be seer illustrated by the plates, the ogptions
for . the various plates oontain specific comments relating to the iqdividual
ionograms and the phenomena which they illustirate.

Reievant Details of the Satellite and Data Acguisition System

The Alouette II satellite was designed and built at the Defence
Research Telecommuniostions Establishment in Ottawa, Canada, end launched
into orbit, as part of the ISIS-X payload, on 29 November, 1965, by the
United States Na.tioml Aeronautios and Space Administration. 'I'he
satellite is in an orbit having an apogee of 2982 km, perigee of 502 km
and inclination of 80°,

Alouette II oarries several experiments, but the present volume
contains data from only the topside sounder which is a swept-frequency
ionosonde operating over the frequency range between 0.12 Me/s and
14.5 Mc/s. An ionogram is recorded every 30.5 seconds approximately,b
and the frequency sweep rete varies from about 0.15 Ill:/as2 at 0.12 Mc/s to
about 0.5 l(o/az at 2 Mo/s; above 2 Mo/s the sweep rate is approximately
linear at 1 Mc/sz.

There is no date storage facility on the spaceoraft and the data arve
thus soquired in resl time at the various date acquisition stations
operated by the United Stetes of America, Canada and the United Kingdom.
The present Atlas shows ionograms recorded at the two special satellits



III.

data acquisition stations operated by the United Kingdom Redio end Space
Research Station, viz. Port Stanley (52°S, 56°W) end Singapore (1°N, 104°E)
and also st Winkfield (51°N, 1°%) which iz one of the N.A.S.A. Staden
stations although it is operated by the R.3.R.8. The data recorded at
these three stations are all processed to ionogrems on film at the R.S.R.S.,
Slough.
An Outline of the Phenomena illustrated by the Jonograms in the Atlas
The ionograms reproduced in the present Atles have been seleoted to

:'l.lluatra,te different types of Alouetie II ionogrem which have been cbserved,
and they also show various phenomena ihioh have appeared from time~to-time
on the ionogrems. The plates illustrate the following:-
(a) Typicsl normel ionograms: Plates 1 to 16

Various different types of normal lonogram may be seen, many of
which show different phencmens including, for emple., the effeots which
result from the sudden change in the sounder sweep rate at 2 Mo/s. The
existence of marked grsdients of lonization is indioated by the fact that
consecutive lonograms on particular passes are sometimes strikingly
different.
(v) Typical obligue ionograms: Plates 17 to 21

It will be seen that traces which,at first sight, appear to have
been produced by vertically reflected echoes have, in faot, been produced
by oblique refleotions. On several ocossions it has been found impossible
to decide whether the main trece was due to vertical or to oblique

reflections.
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(o) Additlonsl “ooupled” echo traces which oocur betwesn the O-plasms

resonance ard the 2 trece: Plates 6 and to

Ilustrations of the additionsl "ocoupled® echo traces are shown

(see Plate 37 for exemple) and it is suggested that the "inclined resonence®
phenomenon (illustrated on Plate 38) is associated with the coupled echo
traces in some way.
(d) Duoted echoes: Plates 28 to 3k

- Seversl of the plates show that, whep & whole set of duoted echoes
are all received at the same place, ths echoes all terminate at the same
frequency. Plate 33 reveals a situation in which ocoupling appears td have
oocurred between a ducted echo trece and a siightly ‘oblique X trace. -

(o) The Eradual oonvergence of oblique eohoeaz Plate 22

(f) Spread-F traces whioh occur at wirtusl depths SMALIER than that
of the mein trace: Plate 23

(&) Spresd-F traces which ocour at virtual depths GREATER than that
of the moin trace: Plate 24
(b) Sequences showing the development of various types: of spread-F echoes:
Plates 25 to 27

(1) 2 _traces: Plates 40 to 42
It may be ssen that Z traces are frqquently mors complete than

either the 0 or X iraces, but that on some oeoaslons the Z itraces appear to
be "broken® in the middle. ’

(3) X _traces with "loops®: Flate 43
(k) "Modulation® of the resomances: Plete L
(1) Satellits spin effects: Flates 45 to 47
Plates 45 to 47 show that the different satellite antemns orien-
tations which exist when consecutive lonogrems ave resorded give rise to

spparently very differvent consecutive lomograms.
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CAPTIONS TO PIATES 1-

Plate 4: A typiocal ilomogram from.Pass 231 over Winkfield.
18 Deo 65, 15.56.39 U.T., 62°%, 79°N, 2811 kn

Plate 2: 4 typioal ionogram from Pass 232 over Winkfield.
18 Deo 65, 18.04.32 U.T., 28%, 75°N, 2955 kn

A typical ionogram from Pass 38 over Winkfield.
The Z, 0 and X traces can all be seen.

2 Deo 65, 08.49.57 U.T., T°B, 31°N, 1101 kn

B
g

A typical ionogrem from Pass 38 over Winkfield.
The Z, 0 and X traces can all be seen.

2 Dec 65, 08.50.27 U.T., 8°B, 33°N, 1131 km

E

4 typioal ionogram 'from Pass 38 over Winkfield.
‘2 Dec 65, 08.50.58 U.T., 8°E, 34.°N, 1163 kn

:

Plate 6: Three ionograms from Pass 38 over Winkfield. The
general complexity of thes "Z traoce™ echoes is
unexpected and is due to the existence of additional
"ooupled" echoes which start nesar the base of the
O-plasma resonance (at low virtusl depths) and almost
morge with the Z trace itself (at high virtual depths).

The phenomena shown in this Plate should be studied
in oonjunction with Plates 35 to 39; Plate 37, in
partioular, shows a good example of the additional
"ooupled® echoes.

8) 2 Deo 65, 08.48,57 U.T., 708, 260N, 1042 km
b) 2 Deo 65, 08.49.57 U.T., 7°E, 31°N, 1101 kn

o) 2 Dec 65, 08.50.27 U.T., 8°E, 33°N, 1131 k»

"

lete

4 typioal ionogram from Pass il over Winkfleld.
30 Bov 65, 08.16.13 U.T., 21°8, 37°N, 1134 kn



Plates 8 10,
11 and 12:

Plate 13:

Plate i4:

Plates 15 apd 16:

vi.

Five consecutive ionograms from Pass 476 over Port
The critical frequency is almoat the same
the iono%rama, but the frequency et which

Stanley.
on each of
the X trace

starts

at zero virtusl depth) varies.

This meens that the kinks which oocur at 2 Mc/s (when
the sounder sweep rate alters) fall on relatively

different parts of the lonograms.
the deorease in the trace thickness which occcurs when
the sweep rate alters.

14 Dec 65, 01.35.39 U.T., 7208, 6178,
1l Dec 65, 01.36.09 U,T., 74°W, 63°8,
14 Dec 65, 01.36.40 U.T., 69°W, 65°8,
1) Dec 65, 01.37.10 U.T., 68‘o’w, 66°8,
14 Dec 65, 01.37.40 U.T., 66°W, 68°,

Plate 8:
Plate 9:
Plate 10:
Plate 11:
Flate 12:

4 typical ionogram from Pass 122 over Singapore;

echoes were reoceived between 2 and 4.5 Mo/s.

Plate 11 illustrates

1021 km
994 km
996 km
940 km
914 km

no

It will

be seen from Plates 45 to 47 that consecutive ionograms
from some passes over Singapore have different frequency

ranges within which no echoes are detected;
phenomenon is obviously caused by satellite spin.

9 Dec 65, 11.58.27 U.T., 123°E, 10°S, 2248 kn

Two iomograms from Pass 158 over Singapore.

b

Twelve ionograms from Pass 232 over Winkfield.
sudden ohange will be noticed between ionograms (o)
and (4) on Plate 16,

Plats 15(a

X

©0 30 9% oc oo e

0O oM He

Plate 16§

|
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18 Dec 65,
18 Dec 65,
18 Deo 65,
18 Dec 65,
18 Deo 65,
418 Deo 65,

18 Dec 65,
18 Deo 65,
18 Dec 65,
18 Deo 65,
18 Deo 65,
18 Deo 65,

o6 9o e @8 e OO

18.02.32 UT,
18.03.02 UT,
18.04.02 UT,
18.04.32 UT,
18.05.03 UT,
18.05.33 UT,

18.06.03 UT,
18.06.33 UT,
18.07.33 UT,
18.08.03 UT,
18.09.15 UT,
18.09.45 UT,

L30W, 780N,
371.W, 71N,
31°W, 76N,
28%, 752N,
26°W, ThoN,
23%w, 73°N,
21%, 7208,
20%, 71°N,
16 %, 700K,
15W, 69 N,
1209, 66N,
1%, 65°x,

this

Eagz 12 Dec 65, 12.46.28 U.T., 103‘33, LN, 2423 ku
: 12 Deo €5, 12.48.30 U.T., 104°E, 1°S, 2319 kn

A

2921 km
2931 km
2947 km
2955 kn
2962 kn
2968 xm

2974 km
2979 kn
2987 km
2990 ka
2995 km
2996 km



Plate 17:

Plate 18:

Plate 19:

Plate 20:

Plate 21:

ViI.

Three lonogreams from Pass 173 over Winkfield. .
Tonogram (a) shows two traces whioh at first sight
appear o be the normel O and X traces. JTonograms
(b) and (c), bowever, show a third trace which
suggeats that at least one of the other two traoeaI
must be produced by oblique reflections.

a) 13 Dec 65, 18.52.15 U,T., 133, L20N, 294k kv
b) 13 Dec €5, 18.53.15 U.T., 1, LON, 2928 kn
o) 13 Dec 65, 18.54.46 U.T., 2°E, 37°N, 2898 kn

Four ionograms from Pass 146 over Singapors. Ionogram
(o) shows & single trace which at first sight may be
assumed to be a normal X trace. A study of the other
ionograms shows, however, that the single trace on
ionogram (c) was produced by oblique reflections.

11 Deo 65, 12.33.02 U.T., 110CE, 708, 2229 knm
b) 11 Dec 65, 12.33,32 U.T., 11008, 85, 2201 kn
o) 11 Deo 65, 12.34.02 U.T., 111CE, 1008, 2173 kn
d) 11 Dec 65, 12.35.02 U.T., 111°E, 12°5, 2416 kn

(-4

A typicel lomogrem from Pass 227 over Winkfield. It
1s impoasible to decide whether or not the X trace was
produced by oblique reflections.

18 Deo 65, 07.37.54 U.T., 5°B, 55°N, 2236 kn

A typloal lomogrem from Pass 274 over 'Winkfield., It
is impossible to deocide whether or not the X trace was
produced by obligue reflections

22 Deo 65, 06.46.060.T., 9°E, 50°N, 2296 kn

Two ionograms from Passes (a) 101 over Winkfield and
(b) 113 over Winkfield respectively. It is impossible
to deocide whether or not the X trace was produced by
oblique reflections.

?3 7 Deo 65, 16.57.2% U.T., 34 E, 57:n, 2950 km’
b) 8 Dec €5, 17.14.00 U.T., 26°E, 60°N, 2942 kn



Plate 22:

Plate 23:

Plate 26:

VIII.

Six ionograms from Pass 3 over Winkfield. The series
of ionograms shows the gradusl convergence of the
normal and oblique sets of traces.

2&) 29 Nov 65, 10.07.13 U.T., L E, 59211, 1566 km
b) 29 Nov 65, 10.08.16 U.T., 7.E, 62N, 1632 kn
o) 29 Nov 65, 10.08.48 U.T., 8'E, E4N, 1669 kn
4} 29 Nov 65, 10.10.22 U.T., 12°E, 682N, 1771 kn
e) 29 Nov 65, 10.11.26 U.T., 16°E, 74°N, 18,0 km
(£) 29 Nov 65, 10.11.58 U.T., 19°E, 72°N, 1873 kn

Two icnograms from Pass 168 over Winkfield. Both
jonograms show edditional "spread-F" treces whioh all
ocour at virtual depths smaller than that of the main
X trace.

Eag 13 Dec 65, 08.05.58 U.T., 2°F, 43°N, 1766 knm

b) 13 Dec 65, 08.06.28 U.T., 3°E, 44°N, 1798 kn

Two ionogrems from Pass 73 over Winkfield. Ionogram
(b) shows a set of additional traces which all ocour

at virtual depths greater than that of the main X traece.
Ea; 5 Dec €5, 07.42.57 U.T., 200E, 36N, 1288 km

b) 5 Deo 65, O7-44.27 U.T., 21 E, 40N, 1384 km

Six ionograms from Pass 28 over Singapore. The

" spread-F seems to oonsist of additional traces which

ooour between the main X trace (clearly visible on
ionograms (a) and (£)) and a proncunced cblique trace
(olearly visible on ionograms (b) snd (d)).

1 Dec 65, 13.45.45 U.T., 11k.E, 29°5, 2167 km
1 Dec 65, 13.h4k.ily U.T., 11A.2E, 2673, 2223 kn
1 Deo 65, 134tk U.T., 114 F, 2505, 2251 km
1 Doo 65, 13.43.11 U.T., 11378, 2273, 2308 kn
1 Dec 65, 13.42.42 U.T., 115:1;, 2478, 2333 kn
1 Dec 65, 13.42.10 U.T., 113°E, 20°5, 2361 kn

Hho o oo

An ionogram from Pass 109 over Winkfield. The traces
oomprising the spread-F eohoes are similer to that
shown in ionogram (e) of Flate 25.

8 Dec 65, 08.36.27 U.T., 1°E, 37°N, 1422 km



Plate 28:

Plate 30:

Plate 31:

IX.

Four lonograms from Pass 200 over Singapore. The
ionograms show different stages in the development of
an important set of oblique echoes.

8) 16 Dec €5, 00.37.53 U.T., 99°F, 6.8, 912 km
b) 16 Dec 65, 00,38.23 U.T., 990E, hcS, 939 km
o) 16 Dec 65, 00.39.54 U.T., 990E, 1N, 1022 kn
(a) 16 Dee 65, 00.40.25 U.T., 100°E, 3°N, 1052 km

Two ionograms from Passea (a) 52 over Singapore and

(b) 40 over Singapore respectively. The ionograms
show traces which appear to have been reflected at
small virtuel depths, but which have actually been
refleoted at such large virtual depths that they have
been received back in the receiver during the aweep
associated with the succeeding transmitted pulse.

g g 3 Dec 65, 14.01.24 U.T., 987E, 19°N 2908 km
2 Dec 65, 13.45.26 U.T., 104°E, 15°N, 2883 km

An ionogram from Pass 99 over Singepore. The ionogram
shows a typical exsmple of ducted echoes; it should be
noted that all the ducted echo traces terminate at the
same frequency.

7 Dec 65, 13.23.27 U.T., 105°E, 8%S, 2363 kn

An fonogram from Pass 52 over Singapore. The lonogram
shows e typical example of a ducted echo pattern.

3 Deo 65, 14.04.54 U.T., 98°E, 11°S, 282 kn

An ionogrem from Pass 173 over Winkfield. The ionogram
shows a group of three traces formed by strong ducted
echoes.

13 Dec 65, 18.56.48 U.T., 3°E, 29°N, 2606 kn

An ionogrenm from Pass 34 over Winkfield. The
onogram shows strong ducted echoes which ell
terminate at the same frequency.

28 Dec 65, OL.22.07 U.T., 268°E, 29°N, 2070 km



Plate 33:

Plates 35 and 36

X.

An ionogram from Pass 173 over Winkfield. The traces
reveal a situation in which coupling appeers to have
ocourred between a ducted echo trece and a slightly
oblique X trace.

13 Dec 65, 18.52.15 U.T., 1°E, 42°N, 2944 km

Pour ionograms from Pass 170 over Singspore. The
ionogrems show changes between the duoted echo pattern
obgerved at slightly different latitudes during a pass.

8) 13 Deo 65, 12.52.52 U.T., 9heE, 31°N, 2839 im
b) 13 Dec 65, 12.53.22 U.T., 94E, 300N, 2625 kn
0) 13 Deo €5, 12.54.22 U.T., 950, 260N, 2796 kn
d) 13 Deo 65, 12.54.52 U.T., 95°E, 26°N, 2780 km

Two ionograms from Pass 188 over Singapore. Both
ionograms show typical (rather than excellent) exsmples
of the edditional "coupled" echo traces which start at
the O-plasma resonence, but which ultimately become
close to and parellel with the normal Z trece. 4
better example of these additional traces is shown in
Flete 37, and it is interesting to study these Flates
in conjunction with Plates 38 and 39.

Plate 35: 15 Dec 65, 00.23.09 U.T., 1060E, 4N, 1040 kn
Plate 36: 15 Dec 65, 00.22,09 U.T., 106°E, 1°N, 987 kn

An ionogrem from Pass 38 over Winkfield. Three
additional "coupled" echo traces which emerge from the
O-plasma resonance {at low virtuel depths), but which
eventually become close to and parallel with the normal
% trace (et larger virtusl depths) mey be seen.

Readers may find that the additional traces shown on
the Alouette II ionograms are more easily visible if
the print is held up in a horizontal position in front
of them such that their eyes are almost in the.plane
of the lonogram.

2 Deo 65, 08.49.57 U.T., 7°W, 31°N, 1101 kn



Plates 38 and 39:

Plates

Plate 42:

Plate 43:

Plate Lk:

and

4

XI.

An ionogram from Pass 38 over Winkfield; both Plates
show the seme lonogream processed with different virtusl
height ranges. It appeers, from Plate 38 partioularly,
that there is a single reaonance associated with both
the O-plasma and Z-infinity conditions, and that this
resonance is inolined to the verticsl axis., This
phenomenon should be studied in conjunction with Plates
6 end 37; it seems reasonable to suggest that the
"inolined resonence™ phenomenon is assooiasted in some
wey with the additional "ooupled” echo traces.

2 Dec 65, 08.52.29 U.T., 9°E, 39°N, 1258 kn

These Plates show five sxamples of almost complete 2
traces (each having a typical "S-bend") while nome of
the other normsl traces shown are complete.

Plate 40(a): 13 Deo 65, 13.13.31 UT, 99°E, 2075, 1860 km
b): 3 Dec 65, 14.16.30 UT, 400 E, 1678, 2356 km
c): 3 Dec 65, 14.17.00 UT, 100°E, 17.5, 2331 kn
Plate 41(a): 13 Deo 65, 08.03.57 UL, 1°B, 37N, 1635 Im
b): 43 Dec 65, 08.0.27 U, 1°E, 39°N, 1667 knm

Two ionograms from Passes (a) 168 over Winlkfield and
(b) % over Winkfield respeotively. Both iomograms
show a 2 trace whioh appears to be"broken" in the
niddle. )

2&3 13 Deo 65, 08.03.26 U.T., 17E, 36N, 1601 ku
b) 30 Bov 65, 08.16.44 U.T., 21°E, 38°N, 1168 kn

Two ionograms from Passes (a) 52 over Singaporé and (b)
158 over Singapore respeotively. Both ionograms show -
an X trace with a "loop® on it.

2a; 3 Deo 65, 14.07.57 U.T., 99°B, 4CN, 2728 knm

b) 12 Deo 65, 12.42.27 U.T., 102°E, 14°N, 2607 kn

Two ionograms from Pass 52 over Singspore. Both

Jonograms show & deeply modulated resonence near

0.6 Mo/s.

(s) 3 Deo 65, 14.06.54 U.T., 98°E, 79N, 2763 kn
(b) 3 Deo 65, 14.07.24 U.., 99°E, 6°N, 2747 kn
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Seventsen consecutive ionograms from each of Passes

87 and 110 over Singapore.

Each Plate contains

jonograns from Pass 87 in the left-hend coluan and
from Pass 110 in the right~hend column.

_ Plate 45
ocontains the first six from each Pass, Plate 46

contains the second six and Plete 47 contsins the
remalning five of the seventeen ionogrems.

It is immedietely obvious that, for any of the

seventeen peirs of corresponding ionograms, both.the
The ranges of frequency for
which echoes were received or not received are similar
for both ionograms in any partiocular peir.

It will also be noticed thet for both Passes the

ionograms look slike.

echo pattern is repeated every four ionograms;
example, the first, fifth, ninth, thirteenth and

for

seventeenth ionogrems in each Pass are all similar.
Obviously, the explanastion of the phenomena illustrated

in these Plates must involve satellite spin.

The

various satellite antemma orientations which exist when
consecutive ionograms are recorded depend on (1) the

satellite spin period and (2) the time imterval between
individual lonograms, and will give rise to the kind of

results observed.

Plate 45(a): 6 Dec 65,
6 Dec 65,
6 Dec 65,
6 Dec 65,
6 Dec 65,
6 Dec 65,
8 Dec 65,
8 Dec 65,
8 Dec 65,

0w 22 s0 sr

e 90 o 89 93 eo 00

b

o

a

Y

£

g

h

i

J): 8 Dec 65,

k): 8 Dec 65,

1): 8 Dec 65,
Plate 46(a): 6 Deo 65,

b): 6 Deo 65,
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Plate 47(a):

XII1.

6 Dec 65,
6 Dec 65,
6 Dec 65,
6 Dec 65,
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